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Antibody Microarray Performance
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The Dynamic Genome

Every individual of every species has, to a first
approximation, only one genome, and with this
essentially static genome:

Unicellular organisms can survive, grow and
reproduce in rapidly and extremely variable
environmental conditions.

Multicellular organisms are capable of producing
cells and tissues with dramatically different
properties.
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Evolution of Gene Regulation

Evolution ensures that coding genes make
proteins with the proper molecular properties:
enzymatic activity, binding, etc....

Equally importantly, natural selection has also
proceeded to ensure that these proteins are
made and function when, where and in the
proper form and amounts required, and that

they are not made when their presence would be

deleterious, or in unnecessary amounts that
would waste cellular enerqy.

Evolutionary Logic Links
Gene Expression and Gene Function

The evolutionary logic that dictates
that genes be made only when and
where needed implies a direct
connection between a gene's pattern of
expression and its function

14



Evolutionary Logic Links
Gene Expression and
Cellular State/Phenotype

The important role of gene requlation
in development and cellular responses
means that the particular set of genes
a cell or collection of cells is expressing
at any moment can tell us a great deal
about its history, environment, internal
state and future.

Gene exppession ppovides a Unlike gene function or the

window onto two properties of physiological state of cells,
biological systems that we are tissues and organisms, gene
extremely interested in studying expression is now easy fo

Gene Function

|

Gene Expression

|

State/Phenotype
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Saccharomyces cerevisiae

* Unicellular fungus with extensive
commercial importance

+ ~12 M genome; sequencing completed 1996
- ~6,200 ORFs

- Despite extensive genetic, molecular and
biochemical analysis, when genome

sequence completed only ~35% of genes
had reasonable functional annotation

DNA microarrays with
elements representing
every identified open
reading frame - either
in the form of PCR
amplified ORFs or
synthetic
oligonucleotides - have
been available for 5
years and are in fairly
wide use

16



The Principle Challenge in Experimental Genomics
is Making Biological Sense of the Data

Experiments

Saccharomyces cerevisiae
whole genome ORF arrays

~6200 genes
~6000 conditions

Genes

> 36 million observations

17



How Do We Make Biological Sense of
Complex Gene Expression Datasets

A corollary of this logical relationship
between gene expression and gene function is
that genes with similar function should have
similar patterns of gene expression.

To the extent that this is true, this property
can be used to impart a logical and
biologically meaningful order to complex gene
expression data

18
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Gene Expression Program of the yeast
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Gene Expression Program n-f 'H"l.u yeast Saccharomyces cerevisiae
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Cytoplasmic Ribosome Cluster

Cluster contains wirtually all subunits of cytoplasmic ribosome
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Energy Generation Cluster

Oxidative Phospharylation and ATP Synthesis

B apwedorse
i Ty

!F":I-: Tal-oych
L Spwsnimn
(=t Lt
W sicratin
[ pess
W crarsceds
[ srresa

B Anrokicsdsmraie

H cortyon merca
BWE Exprids

B sz rirorin

Proteasome Cluster

Contains virtually all known components of proteasome
(20s and 265 subunits)
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Gene Expression Program of the yeast Saccharomyces cerevisiae
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Gene Expression Program of the yeast Saccharomyces cerevisiae
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Glycolysis Cluster
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Amino Acid and Purine Biosynthesis
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Amino Acid and Purine Biosynthesis
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Methionine Biosynthesis Cluster

=ARSR METLO mifite reductoss nsund

HETHD tramscrigrhon foctor METI sulfete mderrfironcterass

WETER trarscriptonal whvolor METLA adenplpluiute Wmase

METE hermeasrine O -goetyltremdorass METLT G-zrebphomaseriag whydeplase
L-F witfate permans METLY methplaretatrabydrefsizte roducsane
HET] prohems gpnthase METS harmrpsteing merhadiranalesg se

HWETI& ' plusphenderplplasHare mesu Tase SERZ

ylesare depdespenade

3~ prhariphegl
METS mtite reducfase MET2E 3°F'5' -bisphasghote mucloafsicn

B sbenioras

O snirg 1y

| R e
[ spordartion

O ecrmehm

B 51eviraw

I coar

B crericzh

D ]

O Anrcis) Sncarabar
B Corbeor dnaee

B Anrokicsdsmraie
H cortyon merca
L] GE Eapreas

Bl 645 Eaprens
H ®s: raiuzin
Galactose Utilization Cluster
GAL1,2,3,7,10,80 plus
vessicular transport protein of unknown function
_ B st
L P — e —————— T W r— ——— T n"_.h-u. Tl
!F":I-: Tal-oych
H sroratim
Diur
W crarsceds
H 2t

B sz rirorin

27



Protein Folding Cluster
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Gene Expression Program of the yeast Saccharomyces cerevisiae
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Reading Genome Sequences

Great progress has been made in
reading the protein coding information
contained in genomes: identifying the
location and structure protein coding
genes, and of using the amino acid
sequences to predict gene function and
3D structure

Reading Genome Sequences

Comparably little progress has been
made in reading the non-coding content
of genomes, especially information that
encodes when, where and under which
conditions genes will be expressed.
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Reading Genome Sequences

The sequencing of the human genome
was accompanied by the prediction of
~35,000 protein coding genes by two
independent research teams, but
essentially no predictions about the
likely expression patterns of these
genes.

How is regulatory
information written in
genomes?

W0

|Non-coding D
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Reading cis-Regulatory Code
What do we need to know?

Output of system

Temporal, Spatial and Conditional gene
expression patterns of all genes

Reading cis-Regulatory Code

What do we need to know?
Input to system

-cis-DNA sequence

*in vitro binding affinities of transcription
factors

*in vivo binding distribution of transcription
factors

*Evolutionarily conserved non-coding
sequences

34



Reading cis-Regulatory Code
What do we need to know?
Input to system

-cis-DNA sequence

*in vitro binding affinities of transcription
factors

*in vivo binding distribution of transcription
factors

*Evolutionarily conserved non-coding
sequences

Proteasome Cluster

Contains virtually all known components of proteasome
(20s and 265 subunits)




Cluster of co-expressed genes
Pattern discovery in regulatory

regions

600 basepairs
a—

Upstream regions

VV VWYY

=== Pattern over-represented in cluster

Possible examples of motif 1 in the training set

Sequence name strand Start Score Site

YLR118C w53 736 10.74 AAATAAAAAT [GTTAGCAAAA |GAGAACGAAA
¥YDL126C w53 660 17.33 ATGTGAATTC [GGTGGCAAAA [AAGGACATAT
YERO21W c53 307 10.44 TTTCTTTGAT |GGCGGCAAAT [ACTAATCTTA
YERO21W €53 705 17.07 CICTTTCTTG |GGTGGCAAAT [GTTTTTCGTC
YPR108W c53 646 15.17 ATCCTCAATG |GGTGGCAAAC [ITAACTTATT
YDRA2TW w53 560 9.77 TCACGCATCG |[TGTTGCAAAT AGCATATACA
YDRA2TW w53 692 17.33 GCTTTCATCC [GGTGGCAAAA

YOR157C w53 643 14.30 AACCCGGCCG [AGTGGCAAAA [TACCAAAAAG
¥YDLO9TC w53 688 17.07 TGGTTCCAAG |GGTGGCAAAT

YORLLTW w53 637 17.33 GCCAATATGT [GGTGGCAAAA [ATGAATTAAT
YMLO92C w53 681 17.33 AGCTTATTAA [GGTGGCAAAA [TTGTCCCCGG
YERO12W w53 659 17.33 AAATCTTTAC [GGTGGCAAAA

YLR387C w53 709 15.03 GTCACAAGAC [GGTGGCAACA [CAGTTGTACA
YDR394W w53 625 17.33 C GeTGGCAARR T
YPR103W w53 646 17.33 ACAGCAAAAG [GGTGGCAAAA [cGA
YJILOOLW w53 683 17.33 AACGGAATCC [GGTGGCAAAA

YFRO50C c53 689 17.07 ACGTATTTAA |GGTGGCAAAT [TCTAAACCAA
YFROS2W €53 703 17.07 AATTTCAATG |GGTGGCAAAT

YGLO11C w53 446 10.40

YGLOl1C c53 692 17.07 CTATCCTTAC |GGTGGCAAAT

YKL145W c53 645 17.33 TTAGTTTTCG |GGTGGCAAAA [ITCGGTAATC
YGLO48C w53 717 17.33 ATGCGAGCGA [GGTGGCAAAA

YGR135W w53 642 17.33 TTACCCTGCA [GGTGGCAAAA [AATTTATAGA
YGR253C c53 480 10.28 CTTCAGCAGT |AGTTGCAAAA [GTGTCCTTTT
YGR253C w53 697 17.33 AACCAAGACC [GGTGGCAAAA [GAGTAACCTA
YBLOALW w53 714 17.33 AAACTCAAAG [GGTGGCAAAA [ACAAGCGGTA
YFROO4W w53 677 17.07 GGACCTCCAA [GGTGGCAAAT [TCACAAGAAA
YJLO31C €53 162 11.38 GIGGCTTCTT |GGTGGAAAAT [GCAATCAATT
YJLO31C c53 675 13.79 TGCTGTTTAA |TGTGGCAAAT T
YMROOAW w53 169 12.36 AAAATTATCA [GGTCGCAAAT [CAGATTTGCT
YMROOAW c53 182 10.21 GATAAGTCTT |TGTAGCAAAT [CTGATTTGCG
YBR170C w53 725 14.03 CAGAACGAAG [AGTGGCAAAT aG
YOR059C w53 727 14.77 ATAAAGAAAG [GGTGGCAACT [CTTTACTGCA
YKRO14C w53 168 10.78 AATGTGGATT [TTTGGCAAAT [CAATGTTTCT
YILOS3W c53 465 10.08 GACCCAGTTC |TGTGGCCAAT [CTTTTTCTTC
YPR107C w53 557 15.17 ATCCTCAATG [GGTGGCAAAC [TTAACTTATT
YGLOATW c53 113 11.64 CGTTGATGAT |GGTGGAAAAA [GTTCCTGATT
YGLOATH c53 236 10.04 ACATCGTGGA |TGTTGCAAAA G
YGLOATH c53 610 17.33 ATGCGAGCGA |GGT

Proteasome
Cluster
-600 to -1

MEME
(www.sdsc.edu/MEME)
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RPN4  Subunit of the regulatory particle of the proteasome

Gene Name/Synonyms RPN4; SON1; UFD5; GVM1; D2840; YDLO20C

At-a-Glance

Cellular Role Protein degradation

Biochemical Function Proteasome subunit

Localization Nuclear;19S regulatory particle of the proteasome
Mutant Phenotype Null: viable

mammalian homolog cannot be found in purified proteasomes
has two potential nuclear localization (NLS) sequences
not detectable in the purified proteasome preparation by

direct sequencing or by detection with antibodies

GGTGGCAA is a binding site for RPN4
FEBS Lett 1999 Apr 30:450(1-2):27-34

Rpndp acts as a transcription factor by binding to PACE, a
nonamer box

found upstream of 26S proteasomal and other genes in yeast.
Mannhaupt 6, Schnall R, Karpov V, Vetter I, Feldmann H

Adolf-Butenandt-Institut der Ludwig-Maximilians-Universitat Munchen, Germany.

We identified a new, unique upstream activating
sequence

(5'-66TGGCAAA-3') in the promoters of 26 out of the 32
proteasomal yeast genes characterized to date, which we propose to

call proteasome-associated control element. By using the one-hybrid
method, we show that the factor binding to the proteasome-

assaciated cantral element is Rnndn a nratein containina a C2H2-
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Genes with Proteasome Control Element
GGTGGCAAA
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Gene Expression Program of the yeast Saccharomyces cerevisiae
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Reading cis-Regulatory Code

What do we need to know?
Input to system

-cis-DNA sequence

*in vitro binding affinities of transcription
factors

*in vivo binding distribution of transcription
factors

*Evolutionarily conserved non-coding
sequences

Cytoplasmic Ribosome Cluster

Cluster contains wirtually all subunits of cytoplasmic ribosome
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